In this paper, ZnSe nanorods grown on in-situ synthesized ZnSe grains are reported. 
I. Introduction
Zn based nanostructures have recently been widely investigated particularly on ZnO [1] [2] [3] [4] and ZnS [5] [6] [7] . However, there are relatively fewer reports on other Zn based nanostructures such as ZnSe [8, 9] and ZnTe [10] . In fact, since the first demonstration of the blue-green laser on ZnSe based material structures in 1991 [11, 12] , ZnSe and its pseudomorphic ternary and lattice matched quaternary alloys have been considered as useful II-V compound semiconductors for optoelectronic devices covering the energy range from visible to ultraviolet. A typical ZnSe based ternary compound semiconductor of Zn x Mg 1-x Se can tune the bandgap energy from 2.67eV for ZnSe to 3.6eV for MgSe. Apart from ZnSe substrate [13] , ZnSe has been grown on GaAs [11] and Si [14] substrates for integrating ZnSe based optical devices to electronic devices of other semiconductors. For example, various ZnSe/Si-based devices such as electroluminescent cells [15] , photoelectric cells [16] and visible sensitive emitter bipolar transistors [17] have all been demonstrated.
Recently, various ZnSe nanostructures such as nanowires, nanoribbons, quantum dots and nanograins have been synthesized.
For one-dimensional (1-D) ZnSe nanostructures, the synthesis methods ranging from sophisticated molecular-beam epitaxy (MBE) [18] and metalorganic chemical vapor deposition (MOCVD) [19] to relatively simple thermal evaporation method [8, 20, 21] and electrochemistry with template [22] have been utilized. In the evaporation method, Au has been commonly used as one of the catalysts to synthesize the nanostructures. The Au film (or clusters) is usually of a thickness of a few nanometer formed by in-situ laser ablation in the reaction chamber of the evaporation method [23] , or other typical thin film coating technologies such as sputtering. However, there are only a few reports on self-3 assembled 1-D ZnSe nanostructures [8, 9] . In addition, most of the reported 1-D ZnSe nanostructures grown by the evaporation method are nanowires.
In this article, self-catalyst ZnSe nanorods on in-situ synthesized ZnSe grains with a pure composition have been successfully synthesized by simply using elementary powder sources of Zn and Se through the thermal evaporation in a tube furnace. To simply the description, the nanorods on in-situ synthesized grains are hereafter named as the products. It is interesting to note that the nanorods generally grow in the same direction on a facet of ZnSe grain and the length and diameter of the nanorods are uniform. In section II, we will discuss the details of the experiments for the synthesis and characterization of the ZnSe products. The morphology, crystal structure and optical properties of the ZnSe products will be addressed in section III. The growth mechanism of the products will also be analyzed. Finally, conclusion will be drawn in section IV.
II. Experiments
The nanorods on grains were grown using thermal tube furnace. Zn and Se elementary powder sources were separately housed in two alumina crucibles. The two alumina crucibles with the sources were loaded into the quartz tube which was inserted into the furnace. The Se powder crucible was at an up-stream position with a temperature of 100 o C lower than that of Zn powder crucible where thermal couple was positioned. The quartz tube was then sealed and pumped down to 10 -2 torr using a typical mechanical pump and was flushed with N 2 gas twice. After feeding the reaction chamber with N 2 gas at a flow rate of 150sccm for 30 minutes, the pressure was continuously maintained at 300 torr and the temperature of the furnace was 4 increased to 650 o C. The temperature was then maintained at the same level for synthesis of ZnSe structures. After the process, the system was cooled down gradually to room temperature by simply turning off the power supply of the furnace.
The samples were then collected from the inner-wall of the crucible of the Zn source.
X-ray diffraction (XRD, Bruker CCD X-ray diffractometer with CuKα radiation) and field emission scanning electron microscopy (FESEM, LEO 1530) have been applied, respectively, to study the crystallinity and morphology of the products. The detail structures were investigated using transmission electron microscopy (TEM, Philips Tecnai 20) . The crystal structures and compositions were studied using the selected area electron diffraction (SAED) and energy dispersive X-ray spectroscopy (EDS)
attached to the TEM system. The photoluminescence (PL) of the ZnSe products were studied in a cryostat. The temperature of the sample-under-test was controlled by a liquid He closed cycle cooling system. The excitation source was He-Cd laser with a wavelength of 325nm. The signal was detected by GaAs based PMT with a response time of 2ns.
III. Results and discussions
After the synthesis at a temperature of 650 o C, yellowish products were obtained from the inner wall of the crucible with Zn powders. When the growth time is 20 minutes, the products are nano-embryos on in-situ synthesized grains as shown in Figure 1 (a).
The grains have random shapes bounded with well-defined facets. When the growth time is increased to 1 hour, the nanometer-scale structures on the in-situ synthesized grains become nanorods as shown in Figure 1 Consequently, the XRD results show that the grains are mainly ZnSe. The PL spectrum of the products also confirms that the grain is ZnSe although the PL spectrum does not show here. ZnSe when the temperature of the reaction chamber is gradually decreased after the heating process of the synthesis. In fact, the initiation of nanostructure formation by the rich Zn has also been described in ZnO nanostructures [25] [26] [27] [28] but no trace of Zn at the top of the nanowires [27, 28] . Consequently, we believe that a self-catalytic
Vapor-Liquid-Solid (VLS) mechanism [29, 30] plays an important role in the growth of the ZnSe nanorods.
IV. Conclusion
ZnSe nanorods on ZnSe grains have been successfully grown through thermal evaporation method using horizontal tube furnace. The ZnSe products are 
